The aim of this study was to confirm the presence of leptospires from the Sejroe serogroup in aborting seropositive sows and to identify which serovars of this serogroup are responsible for the infection. Serum and urine samples from 20 aborting sows, reared in five farms infected with the Sejroe serogroup, were submitted for examination. Serum samples were examined by the microscopic agglutination test (MAT) and urine samples by polymerase chain reaction (PCR) with primer sets specific for genus Leptospira, species L. borgpetersenii, the Sejroe serogroup, and the Hardjo-bovis genotype. All the examined serum samples showed titres specific to the Sejroe serogroup, ranging from 100 to 6400. PCR indicated the presence of Leptospira genus-specific DNA sequences in all urine samples examined. DNA sequences specific for both L. borgpetersenii and the Sejroe serogroup were found in 12 of these samples. Additionally, the sequences specific only for L. borgpetersenii were found in five urine samples and sequences for the Sejroe serogroup in two samples. The DNA sequence specific for the Hardjo-bovis genotype was not found in the urine samples. PCR confirmed the results of the MAT, displayed the presence of Leptospira sp. DNA in the urine of all the sows examined, proved the affinity of the detected leptospires to the Sejroe serogroup or at least to L. borgpetersenii, and excluded the Hardjo serovar as the reason for the infections described in the sows.
Introduction
Infections with Leptospira, though recently neglected, can be an important cause of reproductive failures in swine herds (11) . Often observed, especially in endemically infected herds, the subclinical course of these infections can hamper quick and accurate diagnosis. The only noticeable symptoms are usually abortions, stillbirths, or infertility.
The Pomona, Bratislava and Tarassovi serovars are usually listed as the aetiological agents of leptospirosis in swine. Icterohaemorrhagiae, Grippotyphosa, Canicola, and others are less often mentioned serovars (11) . The infections caused by serovars from the Sejroe serogroup were reported in Germany (3), the U.K. (14, 17, 18) , Hungary (13) , Romania (8) , and Russia (19) among other countries. Serological monitoring of leptospirosis in swine herds, which has been extensive for many years across Poland, indicated a relatively high percentage of animals presenting titres to the Sejroe serogroup (26) (27) (28) . Although the Pomona serovar is most often indicated as the cause of swine leptospirosis in Poland, the number of pigs showing titres to the Sejroe serogroup is usually almost as high, or in some years even higher, than the number of animals demonstrating titres to the Pomona serogroup (27) . Among European countries a high prevalence of infections caused by the Sejroe serogroup in swine populations was recently reported only from Sweden (3). Outside Europe, this phenomenon is also seldom described. However, the Sejroe serovar was recently found to be the most prevalent among pigs in Korea (15) .
The lack of clinical symptoms (apart from sometimes not found abortions) in pigs demonstrating titres to the Sejroe serovar can raise doubts concerning the actual occurrence of the mentioned infections and their role as the real reason for abortions. Furthermore, it is not clear which serovars are directly responsible for these infections. The aim of this study was to confirm the presence of leptospires from the Sejroe serogroup in aborting seropositive sows and elucidate which serovars of this serogroup are responsible for infections. Polymerase chain reaction (PCR), while not often used for laboratory diagnosis of leptospirosis, has recently however seemed to provide some new possibilities of detection and identification of the Leptospira spirochetes. The usefulness of this method is presented in the study.
Material and Methods
Sampling. Twenty sows from five farms (designated S1, S2, S3, S4, and S5) were examined. Farms S1 and S5 were located in western Poland. Farms S2 and S3 were situated in the southern and farm S4 in the eastern parts of the country. Serological examinations revealed various percentages of sows presenting titres to leptospires from the Sejroe serogroup. Abortion during the last trimester of pregnancy was the main clinical symptom provoking suspicion of leptospirosis in these farms. Apart from abortion, slight unspecific symptoms like weakness, listlessness, or flulike signs were observed in some sows.
Serum and urine samples were collected from all sows. Until examination, serum samples were stored at -20ºC. Serum samples were examined by the microscopic agglutination test (MAT) to detect antibodies for selected serogroups of Leptospira. Samples of urine were supplemented directly after collection with phosphate buffered saline (PBS) tablets (Gibco®, part of Life Technologies, USA) to retain neutral pH values during transportation to the laboratory. From each sample, 35 mL of urine was centrifuged at 10 000 rpm for 10 min. Supernatant was removed and the pellet was suspended in 1 mL of physiological saline. From the suspension, 500 µL was used for DNA extraction and the remaining 500 µL was frozen and stored at -20ºC.
DNA extraction. Genomic DNA was extracted by the use of the Genomic Mini DNA extraction and purification kit (A&A Biotechnology, Poland) according to the manufacturer's instructions. The extracted DNA was stored at 4-8ºC until examination.
Serological examination. Serum samples were examined by MAT with live antigens. Cultures of reference strains of Leptospira interrogans serovar Pomona (strain Pomona), L. interrogans serovar Icterohaemorrhagiae (strain RGA), L. interrogans serovar Canicola (strain Hond Utrecht), L. interrogans serovar Bratislava (strain Jez Bratislava), L. borgpetersenii serovar Tarassovi (strain Perpelicin), L. borgpetersenii serovar Sejroe (strain M 84), and L. kirschneri serovar Grippotyphosa (strain Moskwa V) were used as antigens in the test. Each serum was diluted 1:50 and mixed with an equal volume of each of the serovars. The serum dilution (including added antigen) used in the preliminary examination was 1:100. For samples reacting in the preliminary examination with one or more serovars, a series of twofold dilutions were prepared to titre end point: 50% agglutination. Sera presenting titres ≥100 were considered positive.
PCR. Samples of DNA extracted from urine were examined by PCR. The four pairs of primers listed in Table 1 were used. The Lepto F and Lepto R primers are specific to the Leptospira genus (20) . The Borgpeter F and Borgpeter R primers (24) are specific to L. borgpetersenii, which includes the Sejroe serogroup. The Sej F and Sej R primers are specific to the Sejroe serogroup (6) , and the HB F and HB R primers are able to detect the Hardjo-bovis genotype (29) . The amplification was carried out in a 50 µL volume. The mixture contained: 5 µL of 10 mM of 10 × Tris HCl, pH 8.8, with 500 mM KCl (Fermentas, Lithuania), 2 mM MgCl2 (Fermentas, Lithuania), 0.3 mM of each of the dNTP solutions (Fermentas, Lithuania), 0.25 µM of each of the primers (Oligo IBB PAN, Poland), 2 U of Taq polymerase (Fermentas, Lithuania), and 10 µL of DNA template. The reaction was performed by initial denaturation for 5 min at 94°C followed by 35 cycles consisting of denaturation for 1 min at 94°C, annealing for 1 min 30 s at the temperature appropriate for each pair of primers (according to the information in Table 1 ), and elongation for 1 min at 72°C. Final extension was continued for 7 min at 72°C.
Gel electrophoresis. The PCR products (10 µL mixed with 2 µL of loading buffer) were visualized by electrophoresis in 2% agarose gel containing 1 µg/mL of ethidium bromide. This electrophoresis was performed in 1 × Tris base, boric acid, EDTA (TBE) buffer at 350 mA for 30 min. A molecular weight marker of 100 bp was used to identify the PCR products (Fermentas, Lithuania). The size of each amplicon is presented in Table 1 . The described examinations were performed in the Department of Swine Diseases of the National Veterinary Research Institute in Pulawy.
Results
The serological examination revealed the presence of antibodies specific to the Sejroe serogroup in all sows examined. The titres ranged from 100 to 6400 ( Table 2 ). The highest titre was noted in farm S3, however, in all farms animals with titres higher than 400 were found. No antibodies were detected which reacted in MAT with the other serovars of Leptospira used.
PCR with the use of the Lepto F and Lepto R primers revealed the presence of the genus Leptospira in all samples of urine examined ( Table 2) . DNA of L. borgpetersenii was found in 17 samples. The presence of Sejroe serogroup-specific DNA sequences was demonstrated in samples from 14 sows. Samples positive in PCR with the Sej F and Sej R primers were found in all farms investigated (Fig. 1) . Examination with the use of primers specific to the Hardjo-bovis genotype (HB F, HB R), showed negative results in all samples ( Table 2 , Fig. 1 ). 
Discussion
Despite that PCR has not until now been used very often in laboratory diagnosis of leptospirosis, it seems to be a convenient tool for quick confirmation and complementation of results obtained in serological findings. Detection of DNA sequences specific for the genus Leptospira in urine samples from all seropositive sows investigated and the presence of DNA of species L. borgpetersenii (which involves the Sejroe serovar) in 17 of the 20 urine samples examined is consistent with titres to the Sejroe serogroup found in all the examined animals. The genus-specific Lepto F and Lepto R primers, amplifying a sequence of the rrs (16S) gene, were successfully used to confirm the presence of Leptospira in clinical samples from humans (20) and animals (7). Species-specific Borgpeter primers were used mainly for identification of purified Leptospira isolates (24) . However, in the present study they appeared to also be effective in the examination of urine samples from swine.
The Sejroe serogroup-specific Sej F and Sej R primers, amplifying a sequence of the O-antigen gene, were used for identification of purified cultures as well (6) . Their use for identification of Leptospira DNA in urine samples, although definitely helpful, showed some limitations probably connected with unsatisfactory sensitivity. The negative PCR results with the Sej F and Sej R primers appending to five samples presenting DNA of the Leptospira genus and DNA of species L. borgpetersenii could have been caused by lower sensitivity of the method with these primers or its higher susceptibility to the action of PCR inhibitors contained in urine.
The negative PCR results with the Borgpeter and Sej primers for the urine sample from sow 2 reared on the farm S 2 seem rather to be a consequence of lower sensitivity of the method using these primers than using a genus-specific PCR. It is noteworthy that the strand of the genus-specific PCR product observed after electrophoresis in agarose gel was remarkably less perceptible in this sample than in other samples. It could indicate a relatively low density of leptospires in sample 2 from the farm S 2 being the reason for the negative results obtained in PCR with the Borgpeter and Sej primers.
Some reports from the United Kingdom (12, 14, 17, 18) and the United States (2) indicate the Hardjo serovar, belonging to serogroup Sejroe, as an important cause of leptospiral infections in swine (11) . Hardjo, antigenically included in one serogroup, is genetically divided into the Hardjo-prajitno type belonging to species L. interrogans sensu stricto and the Hardjobovis type belonging to species L. borgpetersenii (5) .
The presence of DNA of L. borgpetersenii in 17 out of 20 urine samples examined excludes the possibility of infection caused by the Hardjo-prajitno genotype. However, PCR with primers specific to the Hardjo-bovis genotype showed negative results in all the samples examined. The results seem to exclude the Hardjo serovar as the aetiological agent responsible for infections in the sows examined. Nevertheless, the data obtained during this study confirm the presence of leptospires from the Sejroe serogroup in the majority of swine presenting titres to this serogroup.
Detailed studies performed in eastern Poland in the 1950s indicate the Sejroe serovar as one of the aetiological agents causing epidemics of leptospiral "mash fever" at the time in the region. Strains identified as the Sejroe serovar were isolated from humans and small rodents (9, 22, 23) . It is highly probable that the serovar is widespread among small rodents, which are the main reservoir of leptospires and source of infection for other animals and humans. Recent Polish serological investigations demonstrated the presence of antibodies specific to the Sejroe serogroup in horses (1), sheep (16) , and goats (10) .
Isolation of a pathogen from an infected organism remains one of the most important proofs confirming the role of the isolated microorganism in the aetiology and pathogenesis of the disease. However, isolation of leptospires susceptible to many degrading factors from clinical material is a very delicate, demanding, and time consuming task, and is not a sensitive method. The complementary data obtained by PCR used in this study with primer sets specific to the genus, species, and serogroup enabled quick multiple confirmation of leptospiral DNA in urine samples and allowed preliminary identification of the DNA detected. The use of PCR also allowed effective confirmation of the presence of Leptospira in urine samples even after their longer (over 24 h) transportation. Protracted transportation, especially in case of urine samples, is one of the most important factors decreasing isolation sensitivity.
Available data concerning the occurrence of infections in swine caused by leptospires from the Sejroe serogroup have recently been based on serological findings (3, 15) and were earlier based on results of isolation (2, 4, 8, 13, 14, 17) . Isolated strains were identified as the Saxkoebing (4), Hardjo (2, 14, 17) , or other serovars.
The few studies which used PCR for detection of Leptospira sp. in clinical samples from swine usually applied this method with genus-specific primers (21, 25) . In the present study, PCR appeared helpful for detection and preliminary identification of leptospires found in urine samples from swine. Moreover, application of the described method allowed complementary confirmation of the serological results and proved the carrier status of the sows examined.
Although the definitive recognition of the serovar(s) responsible for the infections can only be made with isolation and identification of the strain, the PCR used in the present study allowed confirmation of the affinity of the infecting serovar to the Sejroe serogroup and indicates that probably a serovar other than Hardjo caused infections in the sows investigated. The PCR described in the paper seems to be an interesting and useful tool for quick and relatively precise confirmation of infections caused by the Sejroe serogroup in swine herds. The procedure using the Sej F and Sej R primers however, needs further study to improve the sensitivity of the method.
